The aim of the present study was to investigate the relationships between temperament score and blood cortisol concentration, as well as energy metabolic parameters (glucose, triglyceride, non-esterified fatty acid and cholesterol) in Tsigai lambs during fattening. The temperament of lambs was assessed (scored) by a temperament score test, where the behaviour of animals was evaluated in a 5-score system (1: calm, 5: nervous) while spending 30 sec on the scale during weighing. Based on temperament scoring at the beginning of fattening 7, 6 and 7 lambs were selected according to temperament categories as calm (1 score 1), intermediate (score 3) and nervous lambs (scores 4 and 5), respectively. At this time, our study did not show any correlation between temperament score, blood cortisol concentration and the metabolic profile. However, at the end of fattening, the calmer lambs had lower cortisol concentrations (2.60 nmol/l) compared to the more nervous lambs (8.07 nmol/l). The calm lambs had lower (P<0.05) non-esterified fatty acid (0.37 mmol/l), cholesterol (1.44 mmol/l) and glucose (3.29 mmol/l) and higher triglyceride (0.98 mmol/l) concentrations and daily weight gain (447.45 g/day) compared to the excitable ones (0.81, 1.86, 4.14, 0.57 mmol/l and 366.84 g/day). These data prove that an increased temperament score, through the higher cortisol concentration, has a great effect on the lambs' energy metabolic profile, which influences the fattening performance.
Introduction
The temperament of animals is a research area with increasing interest in animal breeding. Temperament is defined as the animal's behavioural response to handling by humans (Burrow 1997) . It is well-known that the temperament of animals is affected by various factors such as breed, sire and age (Burrow 1997 , Broucek et al. 2003 . Nevertheless, some authors (such as Pajor et al. 2008) did not find significant differences between the temperament of ram and ewe lambs during fattening.
The nervous temperament has negative impacts on growth rate (Voisinet et al. 1997 , Pajor et al. 2008 , milk yield (Ivanov & Djorbineva 2003 , Pajor et al. 2010 , meat and milk quality (Reverter et al. 2003 , Orbán et al. 2011 .
The temperament has been associated with cortisol concentrations in adult animals. In cattle (King et al. 2006 , Curley et al. 2006 ) and in sheep (Pajor et al. 2010) , restless nervous animals have greater cortisol concentrations. The results of the previous suggest that more temperamental ewes had higher baseline cortisol concentrations (Pajor et al. 2010) . The hypothalamic-pituitary-adrenal (HPA) axis affects the animals' metabolism through the cortisol concentration because of increased catabolic processes (Brockman & Laarveld 1986) .
Although the majority of studies report relationships between the temperament of animals and production traits (such as weight gain) and with the blood cortisol concentration, still little is known about the background of this relationship between blood cortisol concentration, energy metabolism and temperament in lambs during fattening.
This aim of this study was to investigate the relationship between temperament score, stress hormone (cortisol) in blood and energy metabolic parameters (glucose, triglyceride, cholesterol and non-esterified fatty acid) as well as live weight and average daily weight gain of Tsigai lambs during fattening.
Material and methods

Experimental design
The study was carried out on a sheep farm in Solt (Bács-Kiskun County, Hungary). Thirtyone Tsigai single lambs (ram: n=16, ewe: n=15) were taken into fattening and scored using a temperament test. The fattening period lasted 41 days. During the fattening, lambs were given ad libitum water and concentrate mix (150 g/kg dry matter crude protein and 7.20 MJ/kg dry matter and 4.80 MJ/kg dry matter net energy [NE m and NE g ]). The lambs were kept in confinement on deep bedding (1 m 2 per lamb) throughout the whole feeding period. The health status of animals was good during the experimental period. Each lamb was weighed individually with a precision of 0.1 kg at weaning and at the end of fattening. Daily weight gain was calculated in grams. In favour of adequate results, all lambs had identical genetic potential (all lambs originated from the same sire), keeping and feeding conditions.
Based on temperament score, 7 calm (1 score), 6 intermediate (3 score) and 7 nervous (poor temperament) lambs (4 and 5 scores) were randomly selected from a pool of 31 lambs for the analysis of blood parameters. Totally, the data of 9 rams and 11 ewes were analysed. Mean age and live weight of these lambs were 88 days and 20.9 kg (rams: 20.7 kg; ewes: 21.0 kg) at the beginning of fattening, while mean live weight and daily weight gain were 37.45 kg (rams: 37.9 kg; ewes: 37.1 kg) and 403.7 g/day (rams: 418.5 g/day; ewes: 391.6 g/day) at the end of fattening.
Temperament test
The temperament of lambs was evaluated twice with a temperament score test at the first and last days of fattening. Temperament was measured according to the temperament score test by Trillat et al. (2000) . The behaviour of animals was recorded by a 5-score system at weighing, while spending 30 sec on the scale: 1 (calm, no movement), 2 (calm with occasional movements), 3 (calm with a bit more movement, but without shaking the scale), 4 (abrupt episodic movements without shaking the scale) and 5 (permanent episodic movements and shaking the scale).
Analytical procedures
Blood samples were collected from randomly selected Tsigai lambs (n=20) at the beginning and the end of the fattening period, after temperament scoring from v. jugularis between 8 00 -9 00 hours. The blood samples were taken into 2 tubes: one containing heparin for cortisol and glucose analysis (from plasma), and another one without added anticoagulant for lipid metabolites (from serum). The blood sampling lasted approx. 0.5-1 min per animal. Then, samples were immediately transported to the laboratory and centrifuged at 3 500 l/min for 10 min. The plasma and serum were stored at −70 °C until further analyses.
Cortisol
For the cortisol assay a direct radioimmunoassay method developed in the laboratory of Szent Istvan University, Faculty for Veterinary Science (Budapest, Hungary) was applied. For determining the cortisol level in blood plasma, we have used 1,2,6,7-[ 3 H]-cortisol (TRK 407; Radiochemical Centre, Amersham, UK) and a highly specific polyclonal antibody raised against cortisol-21-HS-BSA in rabbit. Radioactivity was measured with a Tri-Carb 2800TR (Perkin-Elmer) liquid scintillation counter. The sensitivity of this assay system was 11.37 fmol/ tube. Within the concentration range of about 2.00 and 100.00 nmol/ml the intra-and interassay coefficients of variation varied between 3-8 % and 5-10 %, respectively in all species. Samples with a cortisol level being higher than 100.00 nmol/l had to be re-assayed after dilution.
Glucose
The glucose was analysed with an enzymatic-colorimetric method using commercial kits (Diagnosticum Zrt, Budapest, Hungary).
Non-esterified fatty acid, triglyceride and cholesterol
The non-esterified fatty acid, triglyceride and cholesterol levels were analysed with an enzymatic-colorimetric method using commercial kits (NEFA kit, Randox test kit, Randox Laboratories, Cork, Ireland; triglyceride and cholesterol kits, colorimetric test kit, Diagnosticum Zrt., Budapest, Hungary).
Statistical analysis
Effects of temperament and gender were analysed as independent variables. Statistical analysis was processed by the SPSS 14.0 programme package (Shapiro-Wilk test for normality distribution, F and t-test, Levene's test for equality of Variances, ANOVA, LSD test, Spearman correlation).
Results
Basic parameters
Temperament score, plasma cortisol and glucose concentrations and serum non-esterified fatty acid, cholesterol and triglyceride concentrations of lambs are presented in Table 1 . The fattening parameters, temperament scores and analysed blood parameters of lambs were not affected by the gender in any of the observations (not presented in Table 1 ). The cortisol and non-esterified fatty acid concentrations of the lambs tended to increase towards the end of the fattening period. The opposite trend was found for the glucose concentration. Significant differences were found neither between these and the temperament scores nor between the triglyceride and cholesterol concentrations of lambs.
Cortisol concentration and temperament
The blood cortisol concentrations and temperament scores of lambs are shown in Table 2 . The temperament scores did not reveal any relation with cortisol concentration at the beginning of fattening but this parameter showed a high difference between temperament score categories at the end of fattening. Highly significant differences in cortisol concentration change were detected in nervous lambs during the studied period (from 2.10 nmol/l to 8.07 nmol/l; P<0.05), which means an increase of 384 %. At the same time, there was no significant increase between the two treatments neither the calmer nor the intermediate lambs.
At the end of fattening, the calmer lambs had a lower cortisol concentration (2.60 nmol/l) compared to the nervous lambs (8.07 nmol/l). Moreover, the lambs' temperament score was highly related to the cortisol concentration (r rank =0.81, P<0.001; data not shown). 
Energy metabolic profile
The blood metabolic profile of Tsigai lambs by temperament is shown in Table 3 . At the beginning of fattening, there were no detectable differences in the serum nonesterified fatty acid, triglyceride, cholesterol and glucose concentrations of lambs getting different temperament scores (when measured at the end of fattening). On the contrary, the blood metabolic parameters showed high differences among temperament scores. The calm lambs had lower (P<0.05) non-esterified fatty acid (0.37 mmol/l), cholesterol (1.44 mmol/l) and glucose concentrations (3.29 mmol/l) as well as higher triglyceride (0.98 mmol/l) concentrations compared to the more excitable lambs (0.81, 1.86, 4.14 and 0.57 mmol/l).
Lamb performance
The fattening traits of Tsigai lambs by temperament scores are presented in Table 4 . The temperament did not affect the live weight at the beginning of fattening and the weight gain during the rearing period but traits connected to growing showed a high difference among temperament categories at the end of fattening. The calm lambs had a higher live weight (38.67 kg) and daily weight gain (447.15 g/day) at the end of the studied period compared to the nervous lambs (35.82 kg, 366.84 g/day; P<0.05).
Discussion
Values of investigated blood parameters are within the normal ranges for ruminants reported by Forbes et al. (1998) . The cortisol concentration may depend on sampling circumstances. Particular treatment can be measured if a blood sample is collected within 2 min from the beginning of the blood sampling procedure (Broom & Johnson 1993) . The sampling procedure lasts less than 2 min. Therefore, the sampling circumstances did not modify the characteristic cortisol values of the animals. Furthermore, the baseline cortisol values in cattle reported by Grandin (1997) are in concordance with the range our study shows for this parameter.
At the beginning of fattening, the temperament scores were not related to the cortisol concentrations because before weaning, as expected, the behaviour of lambs is affected by maternal factors such as dam-lamb bond. On the contrary, at the end of the trial the cortisol concentrations were highly related to the temperament scores of the lambs. The calm lambs (score 1) had a significantly lower cortisol concentration compared to the nervous animals (scores 4 and 5). The post-weaning performance and individual traits (such as behaviour) are influenced by the individual genetic potentials of the lambs and the environmental circumstances. It is verified, that the temperament is an inheritable trait. The estimated heritability of temperament in sheep is around 0.26 (Martin et al. 2004 ) and the repeatability is good (0.32, Lambe et al. 2001) .
Plasma glucose concentration decreased during our research. At the time of weaning, the results were close to non-ruminant species but at the end of fattening they reached the typical level of ruminants in accordance with the results of Norouzian & Valizadeh (2011) . Moreover, at the end of fattening the concentrations of NEFA and glucose increased and triglycerides decreased in the more temperamental lambs. The high concentration of NEFA indicates an adrenergic stimulus of lipolysis and fat mobilization. On the other hand, the reduction of triglycerides was observed in the nervous lambs. The lower values could be due to an increase in lipid utilization by the peripheral tissues and conversion of triglycerides into glycerol and NEFA. The increased cortisol concentration in plasma, associated with the inhibition of glucose uptake in muscle and adipose tissues and finally insulin resistance (Stratakis et al. 1995) , caused higher glucose concentrations in nervous animals. The HPA axis affects the metabolism of animals through the cortisol concentration (Gupta et al. 2004) . The regulation of HPA axis and its impact on metabolism and animal welfare is summarized in a review report by Manteuffel (2002) . One of the biological responses means increased catabolic processes, such as increased lipolysis (Brockman & Laarveld 1986) . The higher baseline cortisol inhibits energy metabolism by altering the function of the HPA axis. Insufficiency of energy metabolism causes decreased efficiency of nutrient utilization (e.g. residual feed intake) (Knott et al. 2007) . As a summary, deficiency of energy metabolic parameters had a negative effect on weight gain and live weight of lambs. This could cause that nervous lambs grow slower during fattening period and reach a lower live weight at the end of fattening than calm lambs. Similar findings have been reported by Voisinet et al. (1997 ), Fell et al. (1999 and Pajor et al. (2011) , where more temperamental cattle and lambs had a lower live weight and average daily weight gain during fattening but they did not investigate the relationship between energy metabolism parameters and the temperament of animals.
In conclusion, an increased temperament score through the higher cortisol concentration has a negative effect on the energy metabolic profile of lambs and is connected with worse fattening traits. These results demonstrate that temperament has a high impact on the growing ability of lambs during fattening. It should be noted that before using temperament as an indirect selection criterion for improving production traits, more work is needed to identify the accurate correspondence between profitability and temperament of animals.
